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DERIVATIVES OF POLYENE MACROLIDES
AND PREPARATION AND USE THEREOF

This application 1s a continuation application of Appli-
cation Ser. No. 09/483,662, filed Jan. 14, 2000, now
abandoned, the entire content of which 1s hereby incorpo-

rated by reference.

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates generally to derivatives of
polyene macrolides. In particular, the present invention
relates to water soluble glycosyl derivatives of polyene
macrolides useful for treating or preventing topical and/or
systemic fungal infections 1n humans and animals.

2. Description of Related Art

Many polyene macrolides are known that have antifungal

properties useful 1n treating topical and/or systemic fungal
infections. Examples of these polyene macrolides include
amphotericin B, aureofacin, candicidin, candidin, levorin,
mycoheptin, nystatin, perimycin, pimaricin, polyfungin,
rimocidin and trichomycin. However, due to their macrocy-

clic nature and amphoteric character, these compounds

generally have poor solubility 1n aqueous solutions, which

limits their usefulness 1n the treatment of systemic fungal
infections. In addition, these polyene macrolides exhibit
undesirable toxic properties when used systemically. For
example, while amphotericin B methyl ester (AME) exhib-
ited lower acute, nephro and hepto toxicity than amphoteri-
cin B 1n rats and dogs, 1 the only clinical trial conducted
with AME 1n patents with systemic fungal infections, many
patients developed progressive neurological dysfunction

assoclated with white matter degeneration, see Ellis et al.,

1988, Tox. Path. 16(1):1; Parmegiani et al., 1987, Antimi-
crob. Agents Chemo. 31(11):1756—1760; Hoeprich et al.,
1985, Diag. Microbiol. Infect. Dis. 3:47-58; Massa et al.,
1985, Fund. App. Tox. 5:737-753; Keim Jr, et al., 1976,
Antimicrob. Agents Chemo. 10(4):687-690; and Keim Jr., et
al., 1973, Science 179:584-586. The incidence and severity
of these complications increased with the amount of AME
ered (Id.). In fact, the toxicity of AME was so
severe that the clinical trial was canceled and product was

adminis

never brought to market.

Many derivatives of polyene macrolides have been
developed, 1n part to address these limitations. For example,
U.S. Pat. No. 4,093,796 to Falkowska et al. teaches polyene
macrolides substituted at the sugar amino group with a
saccharide. U.S. Pat. No. 4,195,172 to Falkowski et al.
teaches N-methylglucamine salts of N-glycosyl derivatives
of polyene macrolides 1n which the amino group of the
polyene macrolide 1s substituted with an aldose or ketose

U.S. Pat. No. 4,294,958 to

Falkowski et al. teaches trimethylammonium salts of poly-

mono- or oligosaccharide.

ene macrolides, mncluding the methyl esters. U.S. Pat. No.
4,365,058 to Falkowski et al. teaches esters of polyene
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2

macrolides that are substituted at the sugar amino group with
U.S. Pat. No. 4,783,527 to

Falkowski et al. teaches amides of polyene macrolides

non-sugar substituents.

substituted at the amide nitrogen with an alkyl, 1soalkyl or
4,999 to Seman et al.
ed at the N position

heterocyclic group. U.S. Pat. No. 5,31

teaches polyene macrolides substitu
with a 1-amino-1-deoxyketose group, which itself may be

further substituted. U.S. Pat. No. 5,942,495 to Borowski et
al. teaches N-alkyl-N-glycosyl derivatives of polyene mac-

rolides that are reported to have antifungal activity, form
water soluble salts with acids and lower toxicity than other

N-alkyl polyene macrolide derivatives.

None of the foregoing derivatives provide an optimum
combination of water solubility, low toxicity, and potency as
Since AmB 1s still the drug of choice for
there 1s a need for polyene macrolides that

an antifungal agent.

many 1ndications,

exhibit antifungal activity and that have improved water

solubility and/or toxicity properties.

SUMMARY OF THE INVENTION

In one aspect, the present invention provides a new class

of polyene macrolide derivatives that exhibit surprisingly

superior antifungal activity, increased water solubility and

lower toxicity than amphotericin B (AmB) and amphotericin
B methyl ester (AME). The polyene macrolide derivatives of
the 1nvention comprise a “core” polyene macrolide back-

bone derived from any of a variety of polyene macrolides

having two features: a carboxyl substituent and an amino
sugar substituent. In the polyene macrolide derivatives of
the 1nvention, the carboxyl substituent of the “core” 1is
converted to an alkyl or arylalkyl ester, thioester or amide,
and the amino group of the amino sugar 1s substituted with
a carbohydrate residue, which may be a mono, oligo or
polysaccharide.

Speciiically, the present invention provides polyene mac-

rolide derivatives according to structural formula (I):

O
R1

X
|

CH,

RZ

X—R?

including the pharmaceutically acceptable salts thereof,
wherein:

R' is a polyene macrolide backbone;

CH,—R?* is a carbohydrate residue, where the illustrated
CH, includes the anomeric carbon of a terminal car-
bohydrate saccharide;

R is alkyl or arylalkyl; and
X 1s O, S or NH.
In one important embodiment, the polyene macrolide

derivatives are compounds according to structural formula
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(I), with the proviso that when R' is a polyene macrolide
backbone derived from amphotericin B, X is O, and R’ is

methyl, lower alkanyl or lower alkyl, then R” is other than

fructosyl.

In another aspect, the present invention provides methods
for making these new polyene macrolide derivatives.
According to the method, a parent polyene macrolide 1s

reacted according to known methods to yield the corre-

sponding alkyl or arylalkyl ester, thioester or amide. The

ester, thioester or amide 1s then reacted with an appropriate
reducing sugar under Amador1 rearrangement conditions to
yield a new polyene macrolide derivative according to the
invention.

In another aspect, the present invention provides pharma-
ceutical compositions 1ncluding the new polyene macrolide
derivatives, or pharmaceutically acceptable salts thereot, as
well as methods for treating and/or preventing fungal infec-

fions 1n plants or animals, including humans. The pharma-
ceutical compositions generally comprise one or more poly-
ene macrolide derivatives of the invention and a

pharmaceutically acceptable carrier, excipient or diluent.
The choice of carrier, excipient or diluent will depend upon
the mode of administration.

The method generally involves administering to a plant or
animal, including a human, one or more of the polyene

macrolide derivatives or pharmaceutical compositions of the

invention in an amount effective to treat or prevent a fungal
infection 1n the plant, animal or human. The polyene mac-
rolide derivatives or pharmaceutical compositions may be
administered systemically or applied topically, depending on
the nature of the tungal infection.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the levels of Candida albicans in the
kidneys of mice treated with various polyene macrolide
derivatives of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention provides new gylcosyl derivatives

of polyene macrolides (and/or pharmaceutically acceptable
salts thereof), pharmaceutical compositions comprising,
these polyene macrolide derivatives, methods of making
these polyene macrolide derivatives, and methods of using

the new polyene macrolide derivatives and/or pharmaceuti-
cal compositions to treat and/or prevent fungal infections in
both plants and animals, including humans.

The polyene macrolide derivatives described herein pro-

vide significant advantages over traditional polyene mac-
rolide antifungals. For example, the polyene macrolide
derivatives of the present invention provide greater water

solubility, lower toxicity, and greater potency than tradi-

tional polyene macrolide antifungals such as amphotericin B
(AmB) and amphotericin B methyl ester (AME).
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Specifically, the compounds of the present mnvention are

polyene macrolide derivatives according to structural for-
mula (I):

O
R1

| PN

CH,

R2

X—R?

including the pharmaceutically acceptable salts thereof,
wherein:

R' is a polyene macrolide backbone;

CH.,—R* is a carbohydrate residue, where the illustrated
CH, includes the anomeric carbon of a terminal car-
bohydrate saccharide;

R” is alkyl or arylalkyl; and

X 1s O, S or NH.
Those of skill 1n the art will appreciate that the polyene

macrolides of the invention are derivatives of “core” poly-

ene macrolides of a specific type. Specifically, the core
polyene macrolides are of a type that have a carboxyl
substituent and an amino sugar substituent, as exemplified
by, for example, AmB and nystatin. In the derivatives of the
invention, the carboxyl substituent of the core polyene
macrolide 1s converted to an alkyl or arylalkyl ester,
thioester, or amide, and the amino group of the amino sugar

substituent 1s substituted with a carbohydrate residue. The

carbohydrate residue, which 1s described 1n more detail
below, 1s attached to the amino group via the anomeric

carbon of a terminal saccharide unit.

In the polyene macrolide derivatives of formula (I),

polyene backbone R* may be derived from any known or

later discovered polyene macrolide having carboxyl and
amino sugar substituent. Preferably, the polyene macrolide
from which R' is derived will have antifungal activity.
Non-limiting examples of polyene macrolides having these
features from which polyene backbone R* may be derived
include, but are not limited to, amphotericin A (AmA),
amphotericin B (AmB), aureofacin, candicidin, candidin,
levorin, mycoheptin, nystatin (including A,), partricin (A
and B), pentamycin, perimycin, pimaricin, polyfungin,
rimocidin, and trichomycin. Preferred classes of polyene
backbones R, are those derived from AmB and nystatin. The
structures of nystatin and AmB are as illustrated below,

including citations referencing methods whereby these poly-

ene macrolides may be obtained:
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AmB OH
OH
H::,Cghn /O “‘\\OH
COOH
HOY OH
NH,
Merck Index #620; U.S. Pat. No. 2,508,611;
Nystatin A, OH
OH
H?’C"’fr.‘/ o ﬂﬂ‘"‘OH
HO ’,, O OH OH OH OH O
'‘CHx; COOH
ch‘“‘ Ay N, N, NP
H,C O O
g
HOY OH

Merck Index #6658; U.S. Pat. Nos. 2,832,719; 3,517,100

Those of skill in the art will recognize that the NH—R'—

COXR® portion of the polyene macrolide derivatives of 4Y

formula (I) is contributed by the core polyene macrolide,
with the exception of XR’, which is part of the novel
derivatives described herein. Thus, 1t will further be appre-

ciated that macrolide backbone R* includes the sugar moiety
that 1s attached to the macrocyclic portion of core polyene
macrolide. This sugar, which i1s an inherent part of the core
polyene macrolide, 1s to be distinguished from the carbo-

45

NH,

hydrate residue CH,—R” of formula (I), which is not
contributed by the core polyene macrolide and constitutes
one of the inventive features of the derivatives of formula
(I). Thus, as a specific example, the polyene backbone R*
derived from AmB 1s 1llustrated below, wherein the dashed
lines indicate the atoms which are bonded to the XR> and

CH,—R~ substituents in the derivatives of formula (I), and
the bolded NH group is the NH illustrated in formula (I):

OH
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The structures of polyene backbones R' derived from
other core polyene macrolides will be apparent to those of

skill in the art.
The carbohydrate residue CH,—R* may be any number

of saccharide units 1n length and, typically ranges from 1 to

about 100 saccharide units. Thus, the carbohydrate residue

can be a monosaccharide, an oligo saccharide comprising
from two to tens of saccharide units or a poly saccharide
comprising from tens to 30, 40, 50, 60 or even more
saccharide units. Preferably, the carbohydrate residue will be
of a number of saccharide units such that i1t 1s relatively
water soluble, such as a mono saccharide or an oligo
saccharide. However, as 1t has been discovered that substi-
tuting the amino sugar of AmB with large polymers does not

deleteriously affect the antifungal activity of the macrolide,
carbohydrate residue CH,—R” may be a large, water
insoluble polysaccharide and still retain antifungal activity.
Polyene macrolide derivatives including large polysaccha-
rides for carbohydrate residue CH,—R” that have low
water-solubility may be used topically or as antifungals in
non-aqueous environments.

The carbohydrate residue may be a homopolymer, in
which all saccharide units are the same, or it may be a
heterpolymer comprising mixtures of different saccharide

10

15
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25
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invention, the saccharide units of the carbohydrate residue

may be substituted with a variety of different substituents.
These substituents may be used to impart the derivatives of

the invention with desirable properties, such as, for example,

improved water-solubility.

As will be discussed 1n more detail in connection with the

methods of synthesizing the new derivatives, 1t will be
appreciated that the carbohydrate residue CH,—R?> is pro-
duced via an Amadori rearrangement of an appropriate
reducing carbohydrate, typically a reducing sugar.
Therefore, the carbohydrate residue CH,—R” has a different

structure from the reducing carbohydrate used as a reactant

in the Amadori rearrangement used to produce the polyene
macrolide derivatives of formula (I). The principles of the
Amador1 rearrangement reaction and the requirements of
reducing carbohydrates that can undergo an Amador1 rear-

rangement are well-known and well understood. Briefly, the

rearrangement and the requirements of the reducing
carbohydrates, exemplified with a monosaccharide, are

1llustrated below:

Amadori Rearrangement

H
10 11 10 11 10 11
R ~ R R ~ | R R @ _ R
N Ng W
H—C H—C H—C
H—C—O0OH +HY H—C—0H H—C—OH
| O —_— O _—

((‘JHOH)H (CHOH), (CHOH),
H—C H—C H—C—0H
1‘{13 R13 R13
20 21 22

l -H+
RlU Rll RlU Rll RlU Rll
~ N*"‘# ~ Nf ™~ T.-’"
H—C—H H—C—H H—ﬁ
O—C— —‘ C=—0 C—OH
HO—((iSHOH)H O ' ((leOH)H (CHOH),
H—C ‘ H—C—O0H H—C—O0H
ILB }|{13 }LIS
25 24 23
60

units. The carbohydrate residue may be branched or linear,
and, as will be discussed 1n more detail below, the saccharide
units may be independently of one another, in a cyclic
conformation, a linear conformation or a mixture of cyclic
and linear conformations. Moreover, subject only to the

constraints of the Amador rearrangement reaction used to
synthesize the polyene macrolide derivatives of the

65

The requirements of the reducing carbohydrates which
can undergo the rearrangement are defined by the various R
ogroups. In compounds 20, 21, 22, 23, 24 and 25, n 1s an
integer from O up to virtually any number, where n 1s 0 only
in open chain conformers; R'® is hydrogen, alkyl,
alkylidene, cycloalkyl, arylalkyl, aryl, glycosyl or polymer,

but not acyl or a strongly electron-withdrawing radical; R*
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1s hydrogen, alkyl, alkylidene, arylalkyl, but not aryl when
R*” is aryl and, in addition, the combination of R™+R™ in
the reacting amine should not sterically hinder the nitrogen
atom; and R™ is hydrogen, —CH,OH, —CH,, —COOH,
—CONHR, —COO™M", and the like. Any reducing carbo-
hydrate having these attributes can be used m an Amadori
rearrangement to yield the polyene macrolide derivatives of

the mvention. For additional guidance regarding the require-
ments of the Amadori rearrangement, sce Hodge & Fisher,
“Amadornt Rearrangement Products,” In: Methods in Car-

bohyvdrate Chemistry,
Carbohydrates, Whistler & Woliram, Eds., pp. 99-107,

Academic Press, Inc., New York (1963). Skilled artisans will
be able to select an appropriate reducing carbohydrate

reactant to obtain a derivative according to formula (I) that
has the desired carbohydrate residue CH,—R*. TABLE 1
presents an exemplary list of reducing carbohydrates that are
capable of undergoing an Amador1 rearrangement that may
be used to produce the compounds of the present invention.
Other carbohydrates having appropriate properties will be
apparent to those of skill in the art.

TABLE 1

Exemplary Reducing Carbohydrate for Amadori Reaction

3-O-methyl-glucose
4,6-di-O-methyl-D(L.)-mannose
4,6-O-benzylidene-D(L)-galactose
4,6-O-benzylidene-D(L)gluropranoside
4,6-O-cthylidene-alpha-D(L)-glucose
4-azidomethyl-tetrahydro-pyran-2,3,5-triol
4-benzyloxy-6-benzyloxymethyl-tetrahydro-pyran-2,3,5-triol
4-fluoro-4-deoxy-D(L)-glucose
6-acetamido-6-deoxy-alpha-D{L)-glucopyranose
6-aminomethyl-4H-pyran-2,3.4,5-tetraol
6-chloro-6-deoxy-alpha-D(L)-glucopyranose
alginic acid

allose

alpha-L{D)-rhamnose

altrose

arabinose

D{L)-arabinose

D{L)-fucose

D{L)-glucuronic acid

D{L)-leucrose

D{L)-mannose-6-phosphate

D{L)-xylose

D-thevetose

fucose

gentiobiose

glucose

gulose

1dose

lyxose

maltopentose

mannose

mannose-6-phosphate

melibiose

melibiose
N-(2,3,5-trihydroxy-6-hydroxymethyl-tetrahydro-pyran-4-yl)-acetamide
panose

pectic acid

rhamnose

ribose

salicin

sorbose

sulfanilamide-N4-D(L)-glucoside

talose

xylose

Those of skill in the art will appreciate that the illustrated
Amador1 rearrangement 1illustrates only the carbohydrate.

Volume II, Reactions of
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For the reactions and polyene macrolide derivatives
described herein, in Compounds 20, 21, 22, 23, 24 and 25,
R'¥ represents the polyene backbone R

As 1llustrated 1 the above rearrangement, 1t will be
appreciated that the resultant carbohydrate residue produced

by an Amador1 rearrangement reaction may be 1n either a
cyclic or linear conformation, or a mixture of cyclic and
linear conformers. While 1n the preferred polyene macrolide

derivatives 1llustrated herein the various carbohydrate resi-
dues added via the Amadori rearrangement are shown 1in

their cyclic conformations, these 1illustrations are not
intended 1n any way to limit the carbohydrate residue of the
illustrated polyene macrolide derivatives, or of any polyene
macrolide derivatives, described herein, to the cyclic forms.
When the carbohydrate residue 1s a monosaccharide, it may
be linear, cyclic or a mixture of linear and cyclic conformers.
When the carbohydrate residue 1s an oligo or
polysaccharide, each monosaccharide unit my be cyclic or
linear, or a mixture of cyclic and linear conformers. Thus,
the polyene macrolide derivatives described herein may be
in the form of pure compounds or i1n the form of mixtures of

two or more different conformers. The only requirement 1s
that the polyene macrolide derivative, whether a single

compound or mixture of different conformers, have antifun-
cgal activity as described herein.

In the polyene macrolide derivatives of formula (I),
preferred monosaccharide carbohydrate residues CH,—R”

include glucopyranose, mannopyranose, galactopyranose,
fructopyranose, and tagatopyranose. Preferred polysaccha-
ride carbohydrate residues CH,—R” include 4-O-(B-D-
glucopyranosyl)-D-fructopyranose, 4-O-(f3-D-
galactopyranosyl)-D-fructopyranose, 4-O-(f-D-
glucopyranosyl)-D-fructopyranose, 4-O-(a-D-
glucopyranosyl)-D-fructopyranose, sucrose, maltose,
lactose, cellobiose, L-rhinnose and D-ribose. As noted
above, these carbohydrate residues are attached to the poly-
ene backbone amino sugar amino group via the anomeric
carbon of a terminal monosaccharide unit.

In the polyene macrolide derivatives of formula (I), R’
may be an alkyl group or an arylalkyl group. As used herein,
“alkyl” refers to a saturated or unsaturated, branched,
straight-chain or cyclic monovalent hydrocarbon group
derived by the removal of one hydrogen atom from a single
carbon atom of a parent alkane, alkene or alkyne. Typical
alkyl groups include, but are not limited to, methyl; ethyls

such as ethanyl, ethenyl, ethynyl; propyls such as propan-
1-yl, propan-2-yl, cyclopropan-1-yl, prop-1-en-1-yl, prop-

1-en-2-yl, prop-2-en-1-yl (allyl), cycloprop-1-en-1-yl;
cycloprop-2-en-1-yl, prop-1-yn-1-yl , prop-2-yn-1-yl, etc.;

butyls such as butan-1-yl, butan-2-yl, 2-methyl-propan-1-yl,
2-methyl-propan-2-yl, cyclobutan-1-yl, but-1-en-1-yl, but-
1-en-2-yl, 2-methyl-prop-1-en-1-yl, but-2-en-1-yl , but-2-

en-2-yl, buta-1,3-dien-1-yl, buta-1,3-dien-2-yl, cyclobut-1-

en-1-yl, cyclobut-1-en-3-yl, cyclobuta-1,3-dien-1-yl, but-1-

yn-1-yl, but-1-yn-3-yl, but-3-yn-1-yl, etc.; and the like.
The term “alkyl” 1s specifically intended to include groups
having any degree or level of saturation, 1.¢., groups having
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exclusively single carbon—carbon bonds, groups having

one or more double carbon—carbon bonds, groups having

one or more triple carbon—carbon bonds and groups having
mixtures of single, double and triple carbon—carbon bonds.
Where a specific level of saturation 1s intended, the expres-
sions “alkanyl,” “alkenyl,” and “alkynyl” are used.
“Alkanyl” refers to a saturated branched, straight-chain or

cyclic alkyl group derived by the removal of one hydrogen
atom from a single carbon atom of a parent alkane. Typical

alkanyl groups include, but are not limited to, methanyl;

cthanyl; propanyls such as propan-1-yl, propan-2-yl
(isopropyl), cyclopropan-1-yl, etc.; butyanyls such as butan-
1-yl, butan-2-yl (sec-butyl), 2-methyl-propan-1-yl
(isobutyl), 2-methyl-propan-2-yl (t-butyl), cyclobutan-1-yl,
etc.; and the like.

“Alkenyl” refers to an unsaturated branched, straight-
chain or cyclic alkyl group having at least one carbon—
carbon double bond derived by the removal of one hydrogen
atom from a single carbon atom of a parent alkene. The
ogroup may be 1n either the cis or trans conformation about
the double bond(s). Typical alkenyl groups include, but are
not limited to, ethenyl; propenyls such as prop-len-1-yl,

prop-1-en-2-yl, prop-2-en-1-yl (allyl), prop-2-en-2-yl,
cycloprop-1-en-1-yl; cycloprop-2-en-1-yl; butenyls such as
but-len-1-yl, but-1-en-2-yl, 2-methyl-prop-1-en-1-yl, but-2-
en-1-yl, but-2-en-1-yl, but-2-en-2-yl, buta-1,3-dien-1-yl,
buta-1,3-dien-2-yl, cyclobut-1-en-1-yl, cyclobut-len-3-yl,

cyclobuta-1,3-dien-1-yl, etc.; and the like.
“Alkynyl” refers to an unsaturated branched, straight-
chain or cyclic alkyl group having at least one carbon—

carbon triple bond derived by the removal of one hydrogen
atom from a single carbon atom of a parent alkyne. Typical
alkynyl groups include, but are not limited to, ethynyl;

propynyls such as prop-1-yn-1-yl, prop-2-yn-1-yl, etc.;
butynyls such as but-1yn-1-yl, but-1-yn-3-yl, but-3-yn-1-yl,
etc.; and the like.

The alkyl group may comprise from 1 to 12 carbon atoms.

Typically, the alkyl group 1s a lower alkyl having from 1 to
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6 carbon atoms. In particularly preferred embodiments, the
alkyl is (C,—C5;) alkanyl or alkenyl. The most preferred
alkyl groups are methyl and allyl, such that the compounds
of formula (I) are methyl or allyl esters, methyl or allyl
thioesters, or methyl or allyl amides.

Alternatively, R> may be an arylalkyl group. As used
herein, “arylalkyl” refers to an alkyl group 1 which one of
the alkyl hydrogens i1s replaced with an aryl substituent.
Where specific levels of saturation of the alkyl portion of the
arylalkyl group are 1intended, the nomenclature
“arylalkanyl,” “arylalkenyl” and “arylalkynyl” 1s used,
where “alkanyl,” alkenyl” and “alkynyl” are as previously

defined. Typical aryl substituents 1n the arylalkyl group
include, but are not limited to, penta-2,4-dienyl, phenyl,
naphthyl, and the like. The arylalkyl may comprise from 6
to 26 carbon atoms. Typically, the aryl portion of the
arylalkyl group 1s phenyl or naphthyl and the alkyl portion
1s a lower alkyl. More preferably, the alkyl portion of the

arylalkyl group 1s a lower alkanyl. The most preferred

arylalkyl group 1s benzyl, such that the compounds of
formula (I) are benzyl esters, benzyl thioesters or benzyl

amides.

Substituent X may be either O, S, or NH. Preferably, X 1s

O or NH, with O being particularly preferred.

One important class of polyene macrolide derivatives

according to the invention are compounds according to

structural formula (I), with the proviso that when R* is a

polyene macrolide backbone derived from amphotericin B,

X is O and R’ is methyl, lower alkanyl or lower alkyl, then

R” is other than fructosyl.

In another important embodiment, the polyene macrolide
derivatives of the invention are compounds according to
formula (I), with the proviso that the compound is not the
compound 1dentified as N-fructosyl methyl ester AmB 1n
Szponarski et al., 1988, Biochimica Biophysica Acta
938:97-106, at page 99 1n FIG. 1, which for convenience 1s
illustrated below:

HO

OH
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Another important class of polyene macrolide derivatives ester derivatives. In particular, the following specific com-
according to the invention include glycosyl AmB methyl pounds are preferred:

(C1)

WOH

COOCH,
N-tagatopyranose-amphotericin B methyl ester
(C2)
OH
OH
H3Cy,, O WOH

COOCH,4

ao™ OH

HO™
HOH,C O
HO “"on
OH

N-(4-O-(p-D-galactopyranosyl)-D-fructopyranose)-amphotericin
B methyl ester
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-continued
(C3)
OH
OH
HiCs,, O WOH
HO e, O OH OH OH OH O N
“CH, COOCH,
HLC
H,C O O
3 \ /
HO™ OH
N-{4-O-{p-D-glucopyranosyl)-D-fructopyranose)-amphotericin
B methyl ester
(C4)
OH
OH
HiC, O WOH

COOCH,

N-(4-O-(a-D-glucopyranosyl)-D-fructopyranose)-amphotericin
B methyl ester

Those of skill in the art will appreciate that many of the
compounds encompassed by formula (I), as well as the
compound species specifically described herein, may exhibit
the phenomena of tautomerism, conformational 1somerism,
geometric 1somerism and/or stereo isomerism. As the for-
mula drawings within this specification and claims can
represent only one of the possible tautomeric, conforma-
fional 1someric, enantiomeric or geometric 1someric forms,

60

65

it should be understood that the invention encompasses any
tautomeric, conformational isomeric, enantiomeric and/or
geometric 1someric forms of the compounds having one or
more of the utilities described herein, as well as mixtures of
the various different forms.

Moreover, 1n many of the compounds, the polyene back-
bone R' is illustrated with the stereochemistry of many of
the chiral centers specified. The speciiic structures depicted
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are those that have been reported in the literature for the
involved polyene backbones, and are not intended as limat-
ing. Thus, 1t will be understood that the illustrated structures
are mtended merely as a short-hand way to represent the
actual compound, and to the extent 1t may be found at a later
date these structural representations are incorrect, they are
not intending to be limiting 1n any way.

The polyene macrolide derivatives of the invention may
be synthesized according to well-known methods using
well-known chemastries. In one embodiment, the polyene
macrolide derivatives of formula (I) may be synthesized
according to Scheme (I), illustrated below:

Scheme (I)
O
RlJ\OH literature
‘ -
NH,
10
O O
reducing carbohydrate
J\ (see TABLE 1) J\
1 —R3 13 1 —R3
R X—R _ - R X—R
‘ Amadori |
NH, NH
12 |
I,
R2

(D

In Scheme (I), R, R%, R® and X are as defined for
structural formula (I). According to Scheme (I), a core
polyene macrolide having a carboxyl and an amino func-
tionality 10 1s converted to the corresponding ester, thioester
or amide 12 (depending upon the identity of X) using
standard methods that are well known 1n the art. Ester,
thioester or amide 12 1s reacted with a reducing carbohy-
drate 13, for example one of the reducing carbohydrates
listed in TABLE 1, supra, under Amador1 rearrangement
conditions to yield polyene macrolide derivatives according

to formula (I). The Amadori rearrangement reaction 1is
described 1n detail in Amadori, 1955, Adv. Carbohydr.

Chem. 10:169 and Hodge & Fisher, supra, both of which are
incorporated herein by reference.

Core polyene macrolide 10 may be obtained commer-
cially or may be 1solated or synthesized according to well-
known methods. Methods of synthesizing a variety of core
polyene macrolides 10 are described in Beau, “Polyene
Macrolides: Stereostructural Elucidation and Synthetic
Studies of a Few Members,” In: Recent Progress in the
Chemical Synthesis of Antibiotics, pp. 135-182, Springer-
Verlag, Berlin (1990), as well as the references cited therein.
These methods may be routinely adapted to synthesize a
wide variety of core polyene macrolides 10. Methods of
1solating core polyene macrolides 10 as natural products are
well-known 1n the art.

Ester, thioester or amide 12 may be obtamed from core
polyene macrolide 10 according to well-known methods.
For example, U.S. Pat. No. 4,035,567 describes a process for
producing AME. Processes for preparing alkyl esters of core
polyene macrolide 10 are described 1n U.S. Pat. Nos. 3,780,
173, 4,035,568, 4,038,382 and 4,365,058. Specific methods
for preparing alkyl esters of patricin are described in U.S.
Pat. No. 3,961,047. Any of these methods can be routinely
modified to produce the corresponding arylalkyl esters, as
well as the corresponding alkyl and arylalkyl thioesters.
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Methods of synthesizing amides of core polyene macrolide
10 are described 1n U.S. Pat. No. 4,783,527. Specific meth-

ods of synthesizing amides of AmB are described 1n Czer-
winski et al., 1990, J. Antibiot. 43(6):680—683 and Jarzebski

et al., 1982, J. Antibiot. 35(2):220-229. Specific methods of
synthesizing amides of patricins are described in U.S. Pat.
Nos. 5,298,495, 5,296,597 and Bruzzese et al., 1996, J. Med.
Chem. 31:965-972. Any of these methods may be routinely
adapted to synthesize the full range of amides 13. All of the
above-listed patents and references, as well as the various
patents and references cited therein, are mncorporated herein
by reference.

In some 1nstances, ester, thioester or amide 12 may be
commercially available. For example, AME 1s commercially
available from Karykion, Princeton, N.J.

In Scheme (I), the formation of polyene macrolide deriva-
tives according to formula (I) by reaction of compound 12
and reducing carbohydrate 13 proceeds 1n two steps. In the
first step, a glycosylamine (not shown) i1s formed by con-
densation of the amine group of 12 with the anomeric carbon
of reducing carbohydrate 13. In the second step, the glyco-
sylamine 1s rearranged 1n an acidic medium to form the
polyene macrolide derivatives of structural formula (I).

As previously discussed, the choice of reducing carbohy-
drate 13 will depend upon the identity of the desired
carbohydrate residue CH,—R?*. As the reaction proceeds via
an Amadori rearrangement, a reducing carbohydrate reactant
that will yield the desired carbohydrate residue CH,—R”
should be selected. The principles of the Amadori rearrange-
ment are well-known and briefly illustrated supra. Thus,
choosing an appropriate reducing carbohydrate 13 will be
apparent to those of skill in the art. Specific exemplary

reducing carbohydrates 13 are provided in TABLE 1. Addi-
tional guidance can be found 1n Amadori, 1955, Adv. Car-

bohydr. Chem. 10:169, Hodge & Fisher, supra, (and the
referenced cited therein) and U.S. Pat. No. 5,314,999, all of

which are incorporated herein by reference.

Numerous patents and literature references indicate that
the Amador1 rearrangement may be carried out 1n an anhy-
drous solvent system. However, 1t will be appreciated that
since the Amadori rearrangement 1s acid-catalyzed, and
many of the described rearrangement reactions involve
polyene macrolides having an acidic carboxyl substituent,
these carboxyl-containing polyene macrolides can “seli-
catalyze” the rearrangement. Anhydrous solvent systems
may be used for these “self-catalyzed” Amador1 rearrange-
ment reactions.

However, unlike many of the Amadori rearrangements
reported in the literature, in the method of Scheme (I),
derivatives 12 do not have a free carboxyl group. Rather, this
carboxyl has been reacted to form an ester, thioester or
amide. Thus, derivatives 12 may not efficiently “self-
catalyze” the Amador1 rearrangement. As a consequence, 1t
has been discovered that it i1s preferable to conduct the
Amadori1 rearrangement reaction between derivative 12 and
reducing carbohydrate 13 in the presence of water. While the
reaction will proceed under anhydrous conditions, signifi-
cantly better yields are obtained under non-anhydrous con-
ditions. A variety of non-anhydrous solvent systems may be
used for Scheme (I). Typically, the solvent system should
comprise about 1% (v/v) to 5% (v/v) water. The proton
donor may be the solvent system or 1t may be an added
compound, as described 1n Hodge & Fisher, supra. Any of
the solvent systems described in the literature may be
adapted for use as described heremn. Exemplary solvent
systems that may be readily adapted to the principles taught
herein are described 1n Hodge & Fisher, 1963, supra. Spe-
cific solvent systems are provided 1n the Examples section,
infra.
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Moreover, the literature reports that the Amador1 rear-
rangement may be successtully performed with a 1:1 molar
ratio of compounds 12 and 13. However, the Applicants
have discovered that using a 1:2 molar ratio of compounds
12 and 13 increases the reaction yield. Thus, while the 5
Amadori rearrangement reaction illustrated in Scheme (I)
may be performed with 1-2 equivalents of reducing carbo-
hydrate 13, using 2 equivalents of reducing carbohydrate 13
1s preferred.

As a specific example of the Amadori rearrangement 10
reaction, Scheme (II) below illustrates the synthesis of
N-tagatopyranose-amphotericin B methyl ester (Compound

C1) from AME (12) and a-D glucose (13):

Scheme (II)

20

AmB and AME. Generally, active polyene macrolide deriva-
tives of the invention are i1dentified using in vitro screening
assays that are well-known 1n the art. Specific 1 vitro
screening assays that can be used to assess activity are
provided 1n the Examples section.

Alternatively, the polyene macrolide derivatives of the
invention may be assessed for antifungal activity using in
vivo models. Again, such models are well-known 1n the art.
Other assays as are well known 1n the art, or that waill
become apparent to those having skill in the art upon review
of this disclosure, may also be used to identify active
polyene macrolide derivatives of the invention.

Generally, active polyene macrolide derivatives of the
invention will exhibit minimum inhibitory concentrations

OH
OH
HCy, O WOH
HO ", 0O OH OH OH OH O
‘CHa COOCH;
L N . L L . P
3
H:C O O
3 \ /
AME .
o™ OH
NH-
O ol
HO NP
Amadori
HO “IOH
OH
Y
OH
OH
H:C,, WOH
HO OH ol OH OH O
N N COOCH,
g A aYalarava
3
HAC 0O O
3 \ /
go™ OH

Compound C1

The polyene macrolide derivatives of the invention
exhibit significant antifungal activity. Indeed, some of the 45
polyene macrolide derivatives according to formula (I)
exhibit significantly higher antifungal activity than both

(MICs) of less than about 64 ug/ml., usually less than about
32 ug/mL, preferably less than about 16 ug/mL and most
preferably less than about 4 ug/ml against Candida albicans
using standard methods. Of course, compounds having
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MICs on the low end of these ranges, or even lower, are
preferred. Most preferred for use 1n treating or preventing,
systemic 1nfections are polyene macrolide derivatives that
exhibit significant antifungal activity, high water-solubility
and low toxicity. Toxicity 1s less of a concern for typical
administration, as 1s water solubility.

The polyene macrolide derivatives of the present iven-
fion have significant advantages over currently available
polyene macrolide antifungals. Specifically, the polyene
macrolide derivatives of the present invention show excel-
lent water solubility, low toxicity, and effective therapeutic
potency. Moreover, these glycosyl AME derivatives exhibit
antifungal activity comparable to AmB in both 1n vitro and
In vivo assays, and quite unexpectedly have a higher thera-
peutic mdex.

The polyene macrolide derivatives according to the inven-
fion can be used 1n a wide variety of applications to inhibait
the growth of or kill fungi. For example, the polyene
macrolide derivatives can be used as disinfectants or as
preservatives for materials such as foodstuifs, cosmetics,
medicaments and other nutrient-containing materials.

For use as a disinfectant or preservative the polyene
macrolide derivatives can be added to the desired material
singly, as mixtures of several polyene macrolide derivatives
or 1n combination with other antifungal and/or antimicrobial
agents. The polyene macrolide derivatives may be supplied
as the compound per se or may be 1 admixture with a
variety of carriers, diluents or excipients as are well known
in the art.

When used to treat or prevent fungal infections the
polyene macrolide derivatives of the invention can be
administered or applied singly, as mixtures of two or more
polyene macrolide derivatives, in combination with other
antifungal, antibiotic or antimicrobial agents or in combi-
nation with other pharmaceutically active agents. The poly-
ene macrolide derivatives can be administered or applied per
se or as pharmaceutical compositions. The specific pharma-
ceutical formulation will depend upon the desired mode of
administration, and will be apparent to those having skill 1n
the art. Numerous compositions for the topical or systemic
administration of polyene macrolides are described m the
literature. Any of these compositions may be formulation
with the polyene macrolide derivatives of the invention.

Pharmaceutical compositions comprising the polyene
macrolide derivatives of the invention may be manufactured
by means of conventional mixing, dissolving, granulating,
dragee-making, levigating, emulsifying, encapsulating,
entrapping or lyophilizing processes. Pharmaceutical com-
positions may be formulated 1n conventional manner using,
one or more physiologically acceptable carriers, diluents,
excipients or auxiliaries which facilitate processing of the
active polyene macrolide derivatives into preparations
which can be used pharmaceutically. Proper formulation 1s
dependent upon the route of administration chosen.

For topical administration the polyene macrolide deriva-
fives of the invention may be formulated as solutions, gels,
olntments, creams, suspensions, etc. as are well-known 1n
the art.

Systemic formulations include those designed for admin-
istration by 1njection, ¢.g. subcutaneous, 1ntravenous,
intramuscular, intrathecal or intraperitoneal injection, as
well as those designed for transdermal, transmucosal oral or
pulmonary administration.

For injection, the polyene macrolide derivatives of the
invention may be formulated 1n aqueous solutions, prefer-
ably 1n physiologically compatible buffers such as Hanks’s
solution, Ringer’s solution, or physiological saline buffer.
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The solution may contain formulatory agents such as
suspending, stabilizing and/or dispersing agents.

Alternatively, the polyene macrolide derivatives may be
in powder form for constitution with a suitable vehicle, e.g.,
sterile pyrogen-free water, before use.

For transmucosal administration, penetrants appropriate
to the barrier to be permeated are used in the formulation.
Such penetrants are generally known 1n the art.

For oral administration, the polyene macrolide derivatives
can be readily formulated by combining them with pharma-
ceutically acceptable carriers well known 1n the art. Such
carriers enable the compounds of the invention to be for-
mulated as tablets, pills, dragees, capsules, liquids, gels,
syrups, slurries, suspensions and the like, for oral 1ngestion
by a patient to be treated. For oral solid formulations such
as, for example, powders, capsules and tablets, suitable
excipients include fillers such as sugars, such as lactose,
sucrose, mannitol and sorbitol; cellulose preparations such
as maize starch, wheat starch, rice starch, potato starch,
ceclatin, gum tragacanth, methyl cellulose,
hydroxypropylmethyl-cellulose, sodium
carboxymethylcellulose, and/or polyvinylpyrrolidone
(PVP); granulating agents; and binding agents. If desired,
disintegrating agents may be added, such as the cross-linked
polyvinylpyrrolidone, agar, or alginic acid or a salt thereof
such as sodium algiate.

If desired, solid dosage forms may be sugar-coated or
enteric-coated using standard techniques.

For oral liquid preparations such as, for example,
suspensions, elixirs and solutions, suitable carriers, excipi-
ents or diluents include water, glycols, oils, alcohols, etc.
Additionally, flavoring agents, preservatives, coloring
agents and the like may be added.

For buccal administration, the compositions may take the
form of tablets, lozenges, etc. formulated in conventional
manner.

For administration by inhalation, the compounds for use
according to the present invention are conveniently deliv-
ered 1n the form of an aerosol spray from pressurized packs
or a nebulizer, with the use of a suitable propellant, e.g.,
dichlorodifluoromethane, trichlorofluoromethane,
dichlorotetrafluoroethane, carbon dioxide or other suitable
cas. In the case of a pressurized aerosol the dosage unit may
be determined by providing a valve to deliver a metered
amount. Capsules and cartridges of e.g. gelatin for use 1n an
inhaler or insufflator may be formulated containing a powder
mix of the compound and a suitable powder base such as
lactose or starch.

The compounds may also be formulated 1n rectal or
vaginal compositions such as suppositories or retention
enemas, €.g, containing conventional suppository bases such
as cocoa butter or other glycerides.

In addition to the formulations described previously, the
polyene macrolide derivatives may also be formulated as a
depot preparation. Such long acting formulations may be
administered by implantation (for example subcutaneously
or intramuscularly) or by intramuscular injection. Thus, for
example, the compounds may be formulated with suitable
polymeric or hydrophobic materials (for example as an
emulsion in an acceptable oil) or 10n exchange resins, or as
sparingly soluble derivatives, for example, as a sparingly
soluble sallt.

Alternatively, other pharmaceutical delivery systems may
be employed. Liposomes and emulsions are well known
examples of delivery vehicles that may be used to deliver the
polyene macrolide derivatives of the invention. Certain
organic solvents such as dimethylsulfoxide also may be
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employed, although usually at the cost of greater toxicity.
Additionally, the polyene macrolide derivatives may be
delivered using a sustained-release system, such as semi-
permeable matrices of solid polymers containing the thera-
peutic agent. Various of sustained-release materials have
been established and are well known by those skilled 1n the
art. Sustained-release capsules may, depending on their

chemical nature, release the compounds for a few weeks up
to over 100 days. Depending on the chemical nature and the
biological stability of the therapeutic reagent, additional
strategies for protein stabilization may be employed.

As certain of the hydroxyls on the polyene macrolide

derivatives of the invention may be acidic, or the carbohy-
drate residue may include acidic or basic substituents, the
polyene macrolide derivatives may be included in any of the
above-described formulations as the free acids, the free
bases or as pharmaceutically acceptable salts. Pharmaceu-
tically acceptable salts are those salts which retain substan-
fially the antifungal activity of the free acids or bases and
which are prepared by reaction with bases or acids, respec-
fively. Pharmaceutical salts tend to be more soluble 1n
aqueous and other protic solvents than are the corresponding
free base or acid forms.

The polyene macrolide derivatives of the invention, or
compositions thercof, will generally be used 1n an amount
ciiective to achieve the intended purpose. Of course, it 1s to
be understood that the amount used will depend on the
particular application.

For example, for use as a disinfectant or preservative, an
antifungally effective amount of a polyene macrolide
derivative, or composition thereof, 1s applied or added to the
material to be disinfected or preserved. By anftifungally
effective amount 1s meant an amount of polyene macrolide
derivative or composition that inhibits the growth of, or 1s
lethal to, a target fung1. While the actual amount will depend
on a particular target fungil and application, for use as a
disinfectant or preservative the polyene macrolide
derivatives, or compositions thereof, are usually added or
applied to the material to be disinfected or preserved in
relatively low amounts. Typically, the polyene macrolide
derivative comprises less than about 5% by weight of the
disinfectant solution or material to be preserved, preferably
less than about 1% by weight and more preferably less than
about 0.1% by weight. An ordinarily skilled artisan will be
able to determine antifungally effective amounts of particu-
lar polyene macrolide derivatives for particular applications
without undue experimentation using, for example, the in
vitro assays provided in the examples.

For use to treat or prevent fungal infections, the polyene
macrolide derivatives of the invention, or compositions
thereof, are administered or applied 1n a therapeutically
cffective amount. By therapeutically effective amount 1is
meant an amount effective ameliorate the symptoms of, or
ameliorate, treat or prevent fungal infections. Determination
of a therapeutically effective amount 1s well within the
capabilities of those skilled 1n the art, especially 1n light of
the detailed disclosure provided herein.

As 1n the case of disinfectants and preservatives, for
topical administration to treat or prevent fungal infections, a
therapeutically effective dose can be determined using, for
example, the 1n vitro assays provided 1n the examples. The
treatment may be applied while the infection 1s visible, or
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even when 1t 1s not visible. An ordinarily skilled artisan will
be able to determine therapeutically effective amounts to
treat topical infections without undue experimentation.

For systemic administration, a therapeutically effective
dose can be estimated initially from 1n vitro assays. For
example, a dose can be formulated in animal models to
achieve a circulating polyene macrolide derivative concen-
tration range that includes the I., as determined in cell
culture (1.e., the concentration of test compound that is lethal
to 50% of a cell culture), the MIC, as determined in cell
culture (i1.e., the minimal inhibitory concentration for
growth) or the I,,, as determined in cell culture (i.e., the
concentration of polyene macrolide derivative that 1s lethal
to 100% of a cell culture). Such information can be used to
more accurately determine useful doses in humans.

Initial dosages can also be estimated from 1n vivo data,
¢.g., animal models, using techniques that are well known 1n
the art. One having ordinary skill in the art can readily
optimize administration to humans based on animal data.

Alternatively, 1nitial dosages can be determined from the
dosages administered of known polyene macrolides by
comparing the IC,, MIC and/or I, of the specific polyene
macrolide derivative with that of a known polyene
macrolide, and adjusting the 1nitial dosages accordingly. The
optimal dosage may be obtained from these initial values by
routine optimization.

Dosage amount and interval may be adjusted individually
to provide plasma levels of the active polyene macrolide
derivative which are sufficient to maintain therapeutic etfect.
Usual patient dosages for administration by injection range
from about 0.1 to 5 mg/kg/day, preferably from about 0.5 to
1 mg/kg/day. Therapeutically effective serum levels may be
achieved by administering multiple doses each day.

In cases of local administration or selective uptake, the
cffective local concentration of polyene macrolide deriva-
five may not be related to plasma concentration. One having
skill 1n the art will be able to optimize therapeutically
clffective local dosages without undue experimentation.

The amount of polyene macrolide derivative administered
will, of course, be dependent on the subject being treated, on
the subject’s weight, the severity of the affliction, the man-
ner of administration and the judgment of the prescribing
physician.

The antifungal therapy may be repeated intermittently
while infections are detectable or even when they are not
detectable. The therapy may be provided alone or 1n com-
bination with other drugs, such as for example other
antifungals, antibiotics or antimicrobials, or other polyene
macrolide derivatives of the invention.

Preferably, a therapeutically effective dose of the polyene
macrolide derivatives described herein will provide thera-
peutic benefit without causing substantial toxicity. Toxicity
of the polyene macrolide derivatives can be determined
using standard pharmaceutical procedures 1n cell cultures or
experimental animals, e.g., by determining the LD, (the
dose lethal to 50% of the population) or the LD, 4, (the dose
lethal to 100% of the population). The dose ratio between
toxic and therapeutic effect 1s the therapeutic index. Polyene
macrolide derivatives which exhibit high therapeutic indices
are preferred. The data obtained from these cell culture
assays and animal studies can be used 1n formulating a
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dosage range that 1s not toxic for use in human. The dosage
of the polyene macrolide derivatives described herein lies
preferably within a range of circulating concentrations that
include the effective dose with little or no toxicity. The
dosage may vary within this range depending upon the
dosage form employed and the route of administration
utilized. The exact formulation, route of administration and
dosage can be chosen by the individual physician in view of
the patient’s condition. See, e.g., Fingl et al., 1975, In: The
Pharmacological Basis of Therapeutics, Ch. 1, p. 1.

The invention having been described, the following
examples are presented to 1llustrate, rather than to limait, the
scope of the invention. The examples illustrate various
embodiments and features of the present invention.

EXAMPLE 1
Preparation at Glycosyl Derivates of AME/AmB

This example demonstrates the preparation of various
olycosyl derivatives of AME according to the present inven-
fion and, for comparison, corresponding glycosyl deriva-
fives of AmB. AmB was purchased from Biosource Pharm,
Spring Valley, N.Y. AME was purchased from Karykion,
Princeton, N.J. Using the procedure described 1n Falkowski
et al., J. Antibiot. 28:244, approximately 100 mg of AME or
AmB was added to each of the reducing sugars given 1in
TABLE 2 below 1n approximately 1.5 ml of DMF.

TABLE 2
Preparation of Glycosyl Derivatives of AME/AmB

Cmpd C B A

Number Reducing Sugar AME AmB #1  AmB #2
(1) D-Galactose 200 mg 200 mg  20.1 mg
(2) a-D-lactose monohydrate 39.0 mg 390 mg  38.7 mg
(3) D-cellobiose 385 mg 367 mg 37.6 mg
(4) D-maltosemonohydrate  40.0 mg 395 mg  40.0 mg

Referring to Scheme (I), 1-2 equivalents of the reducing
sugar (13) may be used per equivalent of polyene macrolide
derivative (12). However, it has been found that using 2
cquivalents provides better yields. After approximately 23
hours, the solutions were precipitated with ether and washed
with ether 3 times. The product was refrigerated for approxi-
mately 60 hours to allow the product to dry. The product was
then lyophilized, and HPLC analysis was conducted for each
product. The compounds produced 1n group C are 1dentified
as C1-C4 and correspond to compounds C1-C4 given 1n the
text above as preferred compounds of the present invention.
Compounds 1n group B are identified as B1-B4, and com-
pounds from group A are identified as A1-A4.

As shown 1n TABLE 2, two sets of samples were prepared
using AmB (sets B and A). In contrast to set A, set B was
further methylated to produce the corresponding methyl
ester and to add a methyl group at the N position using the
following procedure. Approximately 7.2 g of diazald was
dissolved 1in 0.5 ml of water 1n a flask, which produced a
slush-type mixture. A syringe was used to add 6M NaOH
dropwise until the total volume of the mixture was approxi-
mately 30 ml. The mixture was allowed to react until the
ether, contained 1n a test tube and connected to the flask to
allow the gas produced from the reaction to pass to the test
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tube, turned a deep yellow color. Approximately 2 ml of the
ether/CH,N, solution was then added

derivative, followed by approximately 3 ml of DMEFE, and
then another 3 ml of the ether/CH,N, solution. These
mixtures were allowed to react for approximately 3 hours.

to each sugar

Each product was precipitated with a ether solution made
from the ether/CH,N,, solution and supernatant. The prod-

ucts were precipitated and then placed on the lyophilizer for
approximately 12 hours.

Mass spectrometry and HPLC analyses were conducted to
verily the composition of each compound produced. HPLC
analyses were conducted using an HP 1090 analytical HPLC
(Waters Symmetry C-18, particle size 3.5 um, 4.6x50 mm,
Cat. No. WAT200625) using a linear gradient of 35% to 55%
Solvent B (100 mM Triethylammonium acetate in 90%
acetonitrile pH 7) in Solvent A (100 mM Triethylammonium
acetate pH 7) over 10 minutes at a flow rate of 1.1 mL/min.

HPLC peaks were observed by UV. The retention times of
the peaks are provided in TABLE 3.

For each compound Minimum Inhibitory Concentrations
(MIC) were determined as described in Reference Method
for Broth Dilution Anftifungal Susceptibility Testing of
Yeasts; Approved Standard; NCCLS document M27-A
(ISBN 1-56238-328-0); NCCLS, 940 West Valley Road,
Suite 1400, Wayne, Pa. 19087, 1997. Also, Minimum Fun-
gicidal Concentrations (MFC) were made using material
obtained from the well defining the MIC and at least 3
compound dilutions lower than the MIC. Ten microliter

samples were removed from the corresponding wells and
deposited onto blood agar plates. Plates were incubated at
35° C. for 48 hours. The highest compound dilution at which
no colonies are apparent on the plate was considered the
MFC. Maximum non-lethal dose (NLD) data were also
obtained for each product by initially intravenously admin-
istering a single 16 mg/kg dose to each of 4 mice 1n several
ogroups. After review of findings, higher or lower doses were
administered and a maximum non-lethal dose was deter-
mined. Ed., data were also obtained for each compound.
Efficacy was evaluated in mice injected with C. albicans.

Therapeutic efficacy was defined as a 2 log reduction in
kidney cfu relative to mean vehicle control. The proportion
of animals exhibiting the therapeutic effect was determined
using Graph Pad Prism software.

TABLE 3 shows the results from these tests, where
compounds from group C 1in TABLE 2 are listed as C1-C4,

compounds from group B are listed as B1-B4, and com-

from group A are listed as A1-A4. Data are also
for AmB and AME for comparison. As noted

previously, compounds C1-C4 are compounds of the

pounds
shown

present 1nvention and as shown in TABLE 3, these com-

pounds exhibit surprisingly superior results than AmB and

AME. Compounds C1-C4 exhibit higher MICs and NLDs
than AME and extremely higher MICs and NLDs than AmB.
Compounds C1-C4 also exhibit higher water solubility than
AME and extremely higher water solubility than AmB.
Moreover, while the compounds have comparable antifun-

cgal activity to AmB, they exhibit better therapeutic indices.
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TABLE 3

HPLC, Water Solubility, Potency, and NLD Results

23

for Various Glycosyl Derivatives of AME Compared to Glycosyl Derivatives of AmB

NLD

D4+

>064
=64
>64
=64
>064
32
>64
>64
8

8
8
8

EDsq

Kidney
CFU Water
Red. Sol.

3.582  negligible
9685 10
<3 >16
<3 >16
13.63 >16
10.13 =16
<2.8
<2.8
<2.8
<2.8
<1.4
<]1.4
<1.4
<1.4

3. The polyene macrolide of claim 2, wherein R' is a
polyene backbone derived from amphotericin B or nystatin.

HPIL.C Micro. Data
Cmpd Cmpd Retention Time Crude Prod. Purity _ (DLM/CI)
Name MW  AMP3555A  AMP355A 400 nm  MIC MFC (mgke) (mg/ke) (mg/ml)
AmB 924 3.216 93.4 0.5 2
AME 038 7.423 77.0 1 2
1 1100 7.293 45.0 2 2
C2 1262 7.2°79 52.7 2 2
C3 1262 7.262 48.8 2 2
C4 1262 7.328 47.8 2 2
Bl 1114 7.558 377 2 4
B2 12776 6.755 36.3 4 4
B3 12776 6.860 42.6 4 4
B4 12776 6.710 39.1 4 4
Al 1086 2.314 66.9 4 4
A2 1248 1.801 69.4 4 4
A3 1248 1.753 58.5 4 4
A4 1248 1.721 69.3 4 4
*literature value
EXAMPLE 2
Therapeutic Effect of Various Glycosyl Derivatives
of AME

FIG. 1 shows the level of Candida albicans in the kidneys
of mice treated with various compounds of the present
invention. As shown the concentration of Candida albicans

1s significantly lower in those mice treated compounds C1
and C2 than for AME.

The 1nvention now having been fully described, 1t will be
apparent to one of ordinary skill 1n the art that many changes
and modifications can be made thereto without departing
from the spirit or scope of the appended claims.

We claim:

1. A polyene macrolide of formula I:

O
R

X

NH

X—R>

CH,

RZ

or a pharmaceutically acceptable salt thereof, wherein

R' is a polyene backbone;

CH,—R* is a carbohydrate residue, wherein the CH, is
the anomeric carbon of a terminal carbohydrate
saccharide;

R” is alkyl or arylalkyl; and

X 1s O or S,

with the proviso that when R' is a polyene backbone

derived from amphotericin B, X is O, and R is methyl,

then R* is other than fructosyl.

2. The polyene macrolide of claim 1, wherein R is a
polyene backbone derived from amphotericin B, aureofacin,
candicidin, candidin, levorin, mycoheptin, nystatin,
partricin, perimycin, pimaricin, polylfungin, rimocidin or
trichomycin.
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4. The polyene macrolide of claim 1, wherein X 1s O.

5. The polyene macrolide of claim 1, wherein CH,—R” is
an Amadori rearrangement product of a reducing carbohy-
drate selected from the group consisting of 3-O-methyl-
glucose, 4,6-di-O-methyl-D(L)-mannose, 4,6-0-
benzylidene-D(L)-galactose, 4,6-O-benzylidene-D(L)-
glucopyranoside, 4,6-O-ethylidene-a-D(L)-glucose,
4-azidomethyl-tetrahydro-pyran-2,3,5-triol, 4-benzyloxy-6-
benzyloxymethyl-tetrahydro-pyran-2,3,5-triol, 4-fluoro-
4deoxy-D(L)-glucose, 6-acetamido-6-deoxy-a-D(L)-
glucopyranose, 6-aminomethyl-4H-pyran-2,3,4,5-tetraol,
6-chloro-6-deoxy-alpha-D(L) glucopyranose, alginic acid,
allose, a-L(D) rhamnose, altrose, arabinose, D(L)-
arabinose, D(L)-fucose, D(L)-glucuronic acid, D(L)-
leucrose, D(L)-mannose-6-phosphate, D(L)-xylose,
D-thevetose, fucose, gentiobiose, glucose, gulose, 1dose,
lyxose, maltopentose, mannose, mannose-6-phosphate,
melibiose, N-2,3,5-trihydroxy-6-hydroxymethyl-
tetrahydropyran-4-yl)-acetamide panose, pectic acid,
rhamnose, ribose, salicin, sorbose, sulfanilamide-N4-D(L)-
oglucoside talose, and xylose.

6. The polyene macrolide of claim 1, wherein CH,—R” is
a monosaccharide.

7. The polyene macrolide of claim 6, wherein CH,—R” is
selected from the group consisting of glucopyranose,
mannopyranose, galactopyranose, fructopyranose and
tagatopyranose.

8. The polyene macrolide of claim 1, wherein CH,—R” is
an oligosaccharide or a polysaccharide.

9. The polyene macrolide of claim 8, wherein CH,—R~ is
selected from the group consisting of 4-O-(p-D-
galactopyranosyl)-D-fructopyranose 4-O-(f-D-
glucopyranosyl)-D-fructopyranose 4-O-(a-D-
glucopyranosyl)-D-fructopyranose sucrose, maltose,
lactose, cellobiose, L-rhinnose and D-ribose.

10. The polyene macrolide of claim 1, wherein R” is a
lower alkyl, a methyl, an allyl, or a benzyl.

11. The polyene macrolide of claim 10, wherein R' is a

polyene backbone derived from amphotericin B.
12. The polyene macrolide of claim 10, wherein CH,—R*

is selected from the group consisting of 4-O-(p-D-
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galactopyranosyl)-D-fructopyranose 4-O-(f-D-
glucopyranosyl)-D-fructopyranose and 4-O-(a-D-
glucopyranosyl)-D-fructopyranose.

13. The polyene macrolide of claim 1, which has the
formula:

o™ oH

14. The polyene macrolide of claim 1, which has the
formula:

WOH

COOCH; .

HOH,C

HO

OH
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15. The polyene macrolide of claim 1, which has the
formula:

OH
oH
HyCy, O
HO t, O OH ol OH OH O
“CH,
e A alaNCaNvarara
3
HAC O O
o™ OH

16. The polyene macrolide of claim 1, which has the
formula:

OH
OH

~OH

COOCH; |

WOH
¥

COOCHj, .

32
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17. A method of making a polyene macrolide derivative
according to claim 1, comprising reacting an ester or
thioester polyene macrolide derivative according to struc-

tural formula (II):

(IT)
O
Rl

X

NH,

X—R3

wherein R*, X and R> are as previously defined in claim
1, with a reducing carbohydrate under Amador1 rear-
rangement conditions.

18. The method of claim 17, in which the molar ratio of
reducing carbohydrate to ester or thioester polyene mac-
rolide derivative 1s about 2:1.

19. The method of claim 17 i1n which the reaction 1is
carried out under non-anhydrous conditions.

20. The compound produced by the method of claim 17,
wherein when R" is derived from amphotericin B, X is O and
R~ is methyl, lower alkanyl or lower alkyl, then the reducing
carbohydrate 1s not D-mannose or a.-D-glucose.

21. A pharmaceutical composition comprising a polyene
macrolide derivative according to claim 1 and a pharma-
ceutically acceptable carrier, diluent, or excipient.

22. A method for treating a fungal 1nfection, comprising
the step of administering to a host in need thereof a thera-
peutically effective amount of a polyene macrolide of for-

mula (III):
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(I1D)

O
R4

‘ PN

CH,

RS

Y—R®

or a pharmaceutically acceptable salt thereof, wherein:
Y i1s O orS;

R* is a polyene backbone;

CH,—R” is a carbohydrate residue, wherein the CH,, is
the anomeric carbon of a terminal carbohydrate
saccharide; and

R° is alkyl or arylalkyl.
23. The method of claim 22 wherein said polyene mac-
rolide 1s administered by topical application.

24. The method of claim 22 with the proviso that when R
1s a polyene backbone derived from amphotericin B, Y 1s O
and R°® is methyl, then R” is other than fructosyl.

25. The method of claim 24 wherein 1n said polyene
macrolide R° is lower alkyl, methyl, allyl or benzyl and
CH,—R” is selected from the group consisting of 4-O-(f-
D-galactopyranosyl)-D-fructopyranose, 4-O-(f-D-
glucopyranosyl)-D-fructopyranose, and 4-O-(a-D-
glucopyranosyl)-D-fructopyranose.

26. The method of claim 22 wherein said polyene mac-
rolide has the formula:

OH
OH
OH

OH OH OH

OH O
~ \COOCHg_

OH
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27. The method of claim 22 wherein said polyene mac-

rolide has the formula:

OH

OH
HiCy, O
HO n,, O OH OH OH OH O
“CH,
H, O™
H,C O O
HOY OH
HN\
Ch\é"OH
HOV N Nou
HOH,C O O
HO “1on
OH
28. The method of claim 22 wherein said polyene mac-
rolide has the formula:
OH
OH

OH OH

g yalalalaravara
3
HiCo -0 0O
oo™ ol
N
o\\§‘¢n1
ao™ - Non
HOH,C 0O O
HO “ron

OH

~OH

COOCH; .

~OH

COOCHj; .

36
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29. The method of claim 22 wherein said polyene mac-
rolide has the formula:

OH
oH
HiCr, O
HO tm, O OH OH OH OH O
“CH,
o N, L N I . N P
3
H,C 0O O
go™ OH
N
()ﬂhhhé%“,,()fi
HOV N Nou
HOH,C O O
HO “on
OH

30. A method of preventing a fungal infection, comprising
the step of administrating to a subject an effective amount of
a polyene macrolide of structure (III):

35
(I1I)
O
T‘J\Y—Rﬂ .
b‘IH
CH,
I,
45

33

~OH

COOCH; .

or a pharmaceutically acceptable salt thereof, wherein
Y 1s O or S;

R* is a polyene backbone;
CH.,—R” is a carbohydrate residue, wherein the CH,, is

the anomeric carbon of a terminal carbohydrate

saccharide; and

R® is alkyl or arylalkyl.
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